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Our present invention relates to an optical sys-
tem constructed along the lines of the well-
known Gaussian dual objective and adapted both
for the taking and the reproduction of pictures.

The known objectives of the type referredq to
consist, generally, of two meniscus-shaped dis-
persive members, preferably cemented, which
between them enclose the diaphrasm space, the
concave faces of these members facing said dia-
phragm space. These two inner members are, in
turn, positioned between two collective members,
one each on the side of the incoming and the
outgoing rays, the forward one of these latter
members (seen from the side of the longer light
rays) being distinctly meniscus-shaped. The
centers of curvature of -the refractive surfaces,

with the possible exception of the cemented sur- -

faces, are located at the side of the diaphragm.
Conventional objectives of this type generally
consist of six or seven lenses and have long been
used for aperture ratios ranging from about 1:3.3
to 1:1.4,

One of the objects of this invention is to pro-
vide an optical system of the character set forth
which, while retaining the properties of such
objectives to correct for sphero-chromatic aber-
ration of rays incident parallel or inclined to
the optical axis, asticmatism, image field cur-
vature and other distortion, consists of not more

than five lenses forming four air-spaced mem-

bers.
In our co-pending application Ser. No. 265,091,
filed January 5, 1952, we have disclosed a Gaus-
- sian-type objective of this description wherein,

particularly for the purpose of eliminating resid- =

ual coma, extremely highly refractive glass is
used in the two collective menisci as well as in
at least the positive portion of the first dispersive
meniscus and in the second dispersive member
(described as at least roughly meniscus-shaped).
While this objective will indeed satisfy the fore-
going object, it requires the use of relatively
expensive refractive material in most elements
of the system. It is, accordingly, another object
of our present invention to provide an objective

of the {ype disclosed in our aforesaid co-pending

"application wherein, however, less highly refrac-
‘tive and, therefore, less costly glass is used for
at least some of the elements while the correc-
tive power of the objective is substantially fully
maintained if not increased.

An objective according to this invention is
similar to that of our said co-pending applica~-
tion in that it comprises a dispersive meniscus
both in back and in front of the diaphragm space,
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" only the forward one of these members being of
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the compound, preferably cemented, type; this
set of members is, in turn, inserted between a
front and a rear collective meniscus. In accord-
ance with the present invention, the mean of
the refractive indices of the two outer collective
menisci for the yellow helium line ranges be-
tween 1.68 and 1.72, the index of refraction of
the rear collective meniscus alone being, at the
same time, appreciably less than 1.68 and the
refractive index of the inner rear, dispersive
meniscus being greater than 1.78; the first lens
of the compound first inner, dispersive member,
1. e. the collective lens immediately following the
front lens, has an index of refraction for the.
yellow helium line which is less than 1.63 and
which is exceeded by the refractive index of the
associated dispersive lens preferably cemented -
thereto, the difference between the refractive in-
dices of the two lenses of said compound mem-"
ber being at least substantially 0.03.

The partial use of less highly refractive glass-
in comparison with the system of our earlier dis-
closure requires, for the maintenance of correc-
tive power, that greater curvature be imparted
to certain of the lens faces. In the present sys-
tem, accordingly, the lens radii of the compound,
dispersive meniscus ahead of the diaphragm are
preferably so dimensioned that the ratio of the
length of the outer front radius to that of the
outer rear radius thereof ranges between 1.5 and
1.6, the length of said outer front radius being
at the same time not more than substantially 0.3
but greater than 0.2 times the overall focal length
of the objective.

A further desirable feature of the invention,
designed to improve the off-axial image field por-
tions, resides in dimensioning the total axial
length of the system at about 0.5 times the over-
all focal length thereof.. )

A preferred embodiment of the invention has
been illustrated, somewhat schematically, in the
sole figure of the accompanying drawing. i

As shown in the drawing, the objective accord-
ing to the invention comprises a first collective
meniscus consisting of a simple lens Ii having a
thickness d: and radii of curvature 71, r2; a first
dispersive meniscus consisting of two cemented
lenses L2 (thickness d3) and Ls (thickness d4),
spaced by a distance dz from lens I: and having
radii 73, 74 and rs (all positive in the embodiment
illustrated) ; a second dispersive meniscus con-
sisting. of a simple lens Ls having a thickness ds
and radii r¢ and 7+, the air space ds between the
latter and the compound member L2, L3 serving
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to receive the diaphragm (not shown); and a

second collective meniscus consisting of & simple -

lens Ls having a thickness ds and radii rs, e, the
spacing between the lenses L4 and Ls being desig-
nated dr.

) Representative values of the parameters r and
d, the indices of refraction ma for the yellow
helium line and the Abbé numbers Va for the
respective lenses Li-Ls have been given, by way
of example, in the following table. An aperture
ratio of 1:2.8 and an overall focal length £'=100
has been assumed.

lens na Va
ri=- 47.60
d1= 5.12 Ly 1,724 380
ry=+105, 18
di= 0.21 air space
ry=-4 29,70
ds= 7.25 Is |[1.6172 | 54.0
r4=--486. 52
dy= 5.42 Ls | 1.6483 | 33.8
re=-+ 19,01
ds=20. 82 air space
re=~ 21,74
ds= 2.79 Li | 1.7847 | 25.7
ry=— 20.40
dr="0.13 air space
ry=-~132. 55
ds= 8.80 Ls |1.6583| 57.3
ra=— 30,99
total axial length=50. 54

It will be noted from the foregoing table that
the objective dimensioned in accordance there-
with and illustrated in the drawing consists of
five lenses all with a refractive index greater
than 1.6, but less than 1.72 in the case of all
lenses other than I. and Is. Since the refrac-
tive indices of the outer front and rear members
L;, Ls are 17234 and 1.6583, respectively, the
mean of these indices lies within the aforemen-
tioned range of 1.68 to 1.72, the refractive index
of the rear member (Is), alone, being appreciably
less than 1.68. The rear dispersive meniscus La
has a refractive index greater than 1.78. The
first lens Lz of the compound member Le, Ls has
an index of refraction whi¢h is less than 1.63
and which is exceeded by that of the companion
lens Ls, the difference between these two indices
being 0.0311, hence greater than 0.03. It will
also be seen that the ratio of the lengths of the
radii rs and rs is about 1.58, thus lying between
1.5 and 1.6, the length of the outer radius 73
being 29.70 which is greater than 0.2 but not
more than substantially 0.3 times the overall
focal length £’ of the objective. The total axial
length, computed as the sum of the dimensions
di1-ds, is 50.54 and is, therefore, greater than 0.45
but less than 0.6 times the overall focal length f’,
in keeping with the aforestated requirement for
optimal results.

It should be understood that departures from
the specific arrangement illustrated and from
the precise values given above are permissible
without departing from the spirit and scope of
our invention as defined in the appended claims.

We claim:

1. An optical objective system of the Gaussian
type, comprising four meniscus-shaped, air-
spaced members including an outer pair of front
and rear collective members and an inner pair
of front and rear dispersive members, the mem-
bers of each pair having their convex sides avert-
ed from each other, the front member of said
inner pair including a first and a second lens,
the mean of the refractive indices of said outer
pair of members for the yellow helium line rang-

ing between 1.68 and 1.72, the refractive index
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of said rear member of said inner pair being
greater than 1.78, the refractive index of said
first-lens being less than 1.63, the refractive in-
dex of said second lens exceeding that of said
first lens by at least substantially 0.03, the ratio
of the outer radius of said first lens to the outer
radius of said second lens of said inner front
member being between substantially 1.5 and 1.6,
said outer radius of said first lens being greater
than 0.2 but not more than substantially 0.3 times
the overall focal length of said system.

2. An optical objective system of the Gaussian
type, comprising four meniscus-shaped, air-
spaced members consisting altogether of a first,
second, third, fourth and fifth lens, said second
and said third lens being cemented together and
forming the first of an inner, dispersive pair of
said members enclosed by an outer, collective
pair of said members, the members of each pair
having their convex sides averted from each
other, said second lens being a collective lens, the
mean of the refractive indices of said first and
fifth lenses for the yellow helium line ranging
between 1.68 and 1.72, the refractive index of
said fifth lens being substantially less than 1.68,
the refractive index of said fourth lens being
greater than 1.78, the refractive index of said
second lens being less than 1.63, the refractive
index of said third lens exceeding that of said
second lens by at least substantially 0.03, the
ratio of the outer radius of said second lens to
the outer radius of said third lens being between
substantially 1.5 and 1.6, said outer radius of said
second lens being greater than 0.2 but not more
than substantially 0.3 times the overall focal
length of said systeql, the tofal axial length of
said system being more than 0.45 times but less
than 0.6 times said overall focal length.

3. An optical objective system of the Gaussian
type, comprising four meniscus-shaped, air-
spaced members consisting altogether of a first’
lens L: with radii 71, r2 and thickness di, a sec-
ond lens Lo with radii r3, 7+ and thickness ds, a
third lens L3 with radii rs, 75 and thickness ds,
a fourth lens L4 with radii rs, 77 and thickness ds,
and a fifth lens Ls with radii rs, 79 and thickness
ds, said second and third lenses being cemented-
together and constituting the first of an inner,
dispersive pair of said members enclosed by an
outer, collective pair of said members, said outer
pair of members consisting of said first and fifth

~ lenses, the members of each pair having their
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convex sides averted from each other, said radii
and thicknesses, the spacing dz between said first
and second members, the spacing ds between said
third and fourth lenses, the spacing dr between
said fourth and fifth lenses, the refractive in-
dices na of said lenses and the Abbé numbers Vq
of said lenses having substantially the numeri-
cal values given by the following table, the over-
all focal length of the system for the yellow
helium line having the numerical value. of 100
with an aperture ratio of substantlally 1:2.8:

Lens Lin= +47 60, rg—+105 18, di= 5 12,
d" 7234 Va=38.0;

Lens Lz r3=-120.70, r4=-}-486.52, ds==7 25

d—'l 6172 Va=54.0;
Lens Ls: r4=--486.52, rs=+19.01, dy=

d— 6483, V4=33.8;
Alir sp: d5=20.82;
Lens L4 re=—21,74, ry=—20.40, dy =2.79,

ng=1, 7847, V4=25.7;

Alrsp: dr=0.

.Leus Ls rg=—132.55, ro=—30.99, dy=8. 8

nd=L 6583 Va=57. 3

4., An optiéal objective system of the Gaussian
type, comprising four meniscus-shaped, air-
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spaced members including an outer pair of front
and rear collective members and an inner pair
of front and rear dispersive members, the mem-
bers of each pair having their convex sides avert-
ed from each other, the front member of said
inner pair including a first and a second lens,
the mean of the refractive indices of said outer
pair of members for the yellow helium line rang-
ing between 1.68 and 1.72, the refractive index of

said rear member of said inner pair being greater 10

than 1.78, the refractive index of said first lens
being less than 1.63, the refractive index of said
second lens exceeding that of said first lens by
at least substantially 0.03, the total axial length

of said system being more than 0.45 times but 16

less than 0.6 times its overall focal length.
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